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(54) LEVEL SHIFTER 



(57) Abstract: 

PURPOSE: A level shifter is provided, which can 
prevent unnecessary current consumption, and can 
reduce a switching time of the level shifter. 

CONSTITUTION: The level shifter(100) includes the 
first and the second PMOS transistor(MP1 1 ,MP1 2) 
and inverters(IV11,110,120). The inverter(IV1 1 ) is 
provided to invert a decode signal (A) provided from 
a row address decoder. The first PMOS transistor 
has a drain connected with a boosting voltage(VPP) 

from a pumping circuit, a source and a gate| 

connected with the second node(N2). The second PMOS transistor has a drain connected with the 
boosting voltage, a source and a gate connected with the first node(N1). The inverter(110) includes the 
third PMOS transistor(MP1 3) and the first NMOS transistor(MN1 1 ). The third PMOS transistor has a current 
path formed between the source of the first PMOS transistor and the first node, and has a gate controlled 
by the decode signal. The first NMOS transistor has a current path formed between the first node and a 
ground voltage, and has a gate controlled by the decode signal. The inverterO 20) includes the fourth 
PMOS transistor(MP14) and the second NMOS transistor. The fourth PMOS transistor has a current path 
formed between the source of the second PMOS transistor and the second node, and has a gate 
controlled by a signal(AB) from the inverter(IV11 ). The second NMOS transistor has a current path formed 
between the second node and the ground voltage, and has a gate controlled by the signal(AB). A voltage 
level of the second node is provided as a word line drive signal. 
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□pi-m aia si^ei^ #smqi ^s? asrar sai asr akjih *!is £*r32:s 

S XII 1 3! Bl : 3 PMOS SSjAI^Eig S J1I 1 NMOS SS AIiEtSh Em MS10I £ v ?l £2T SS"2h SAI 
EEf- AFOI'CHI 5IBS £*rS|RS HI 2 S 3= 4 PMOS MB*hiE+tf K &?| flj 2 NMQS M-BWi 

^Eil it^Q. XI 1 PMOS SS!!XI±E121 JJ-OfMS &5l «l. 4 PMOS SaW±E1 S HI 2 NM0S S?H 

SI±E12J. 1SM2J 3-9 irE°j H 2 kEEr SIEIII. £91 SI 2 PMOS SSHAj>iE12i Til DIM ^ feOI 
XII 3 PMOS ME! XI ± El S"6PI a 1 : NMDS MSX|*E12| *tfS i-SM^J 31 hiEgj fll 1 !rE2r 3§S 
Q. U 3 PMOS MiS^EIfil- M 1 NM0S MSXl^EiSJ HommM Q3E iisWI S|«| jflCHElS, & 

7\ M 4 PMOS SSHAI£Ei2 r M 2 NM0S MBW^EiSi 'MDlM#S £K7| CIME £!£2I fiHSS dSOfO' °J*H 

4= SICK E*h £|=E+SJ. AI2HDI B^SGh 

E 1^ SuglcSI FIG. 1 CHI EAIS ?-|E Ef-9 EEfOlHi PrSQI an £EEil SQ»fe USE; 3EI 

E 2£ B W3-2| .HrBSffiT fe'AIMIffll CU-E 31-H rl^EIBJ £M| IISEOIQ. 

*E3°J CHI CH& ^h2] £S* 

100 : E0.H -I^Ei 

110, 120, I VI 1 : °JLHE1 

MP 1 1 ~ MP14 : PMOS Sej-AI^H 

MN1T, MN12 : NMOS SaXl^E! 

a mgs -ai-Ea miaei §*i2j am ^i^ekhi -a^s, m q ^hi^ss^ gistf 3^ ist 
»ww ^ ^?is $s.?y «aa bj-esi wisei s-ssj am ^hekhi 201QK 

M:B =rliE1( level shifter)^ 0RAM(Dynamic Random Access Memory), SRAM(Stdtlc Random Access 
Memory), R0M(Read Only MemorySh SfSEfll 33 SIS g^KHI ?HIH-= ?-JE EJ-2! EErOlbH LH CHI =?S 

ei^ ssoick 01 aia ^ieei^ oi sowi chsj- #^ ai^jm ws«i>ij ^ saa- hisf aoi, 

t« CHEai± □ 3D) (row address decoder )3i#EfSI QI3E -i!S(HI. S6f&KN, SS SIS (pumping circuit) 

swh nssm nssi a aaorai *ie e^ms xtsspi we tisoia. 

OlEi^ am ^IHEiej V SugioOil £|*H 1997^ 2^ 11H ?l^^! U.S. Pat. No. 5,602,796, 'WORD 
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LINE-DRIVER IN A SEM I CONDUCTOR .MEMORY DEV I CE 'Oil WAIEIOi 2iQK 

e si^icfj mo\ fib. i (Mi sAj^j ?4H efs eekdibi a^ £|=E1g £01 a^Eoia. 

£ l§ «2Wa, gEH^ ail! 3ZE|<10)£ Q|lE 4!2(A)i era Al 51 71 £ltf gjhHEiCm)2f ; NM0S 
H±Ei«(MN-h MN2) HEIH PMOS MSHXI £E1M(MP1 , PM2)1 StftKK 

g.-QS (pull -daw) £9T3V ?|^ 2*71 NMOS EgHX|^E1(MN1)^ »0|-M3|- 271 Q5E g£(A)S|- 2S'8! 
Cf: 271 NMOS MgX|±E1(MNZ)2J StHH ( IV1 )2J EOT» saTHIi, il2-2| sxi 

aaaaas'Q. zibiji 2-71 nmos m^xi^ei(mn2)2j em sis fes/ asitvpjs ehxi6>7i wt* ehxi 

£l£S> SUSCh 271 iWX\ slMS PMOS M|HX|^EfS(KPI, MP2)S 7SSQ. 271 PMOS 
M-aXl^E1(MP1)8| >i!0|E2f EEHIS! 33-11 PMOS MSX! AEt(MP2)2| EaiS= 8 I S! 8 2k 

El (Nh N2) AHDIOil a»aa 31 SO. EtJ", 2 V 7I PMOS E£!X|^:E11(PM1 , MP2)9 291 sS" 

aa(vp)2i- aiso. 

»fi« um its =?&m ?m= aia 4iS»si gars osa* ira, 

271 USE £H:(A)?J 3^ aUCfeEl 0*)(HIA1 SH3I dl^feEl T)S S-Qiara. 271 NMOS 
MaXI^EJ (MNI)fe S ggn, 2\7I NWS e@!*r±H(MN2)fe S 2*SCh 271 NMOS SB Al £E*(NN1 )7> 
S ^HOil EKI- HI 1 ±E(N1)7t BOSS gn, 271 PMOS M2jX| ±E1(MP2)7K @ SSQ. t&EMi, 
271 M "2 iE(N2)£ Smi aiS EIU; 2-71 PMOS Man^BI(MP1)fe S 2HSQ. 2^71 HI 2 
kE(N2)2J agf ai.fflS 2-71 PMOS M^XI *Ei (iP2-)g St 1 '' £« h SSrffl- SUolII, 01 agf= SIE 
S ^SSPI EfS EEfOlM flSS H3SO. 

era, 27i ci5E i!s:(A)7i- oioi aiai'MAi s£ aaM soiois, 271 nmos msxi^eicmnos e 2 

EEIIL -271 NMOS MB!7JiEi(MN2).& g SSPv £71 NMOS ' MSWI ±E1(MN2)7> @ £i!01l ECEf 271 HI 
2 kE(N2)7h £5* ai*!£ EIH; 27I PMOS MSAi ^EKMPl )J\ S ?SQ. LUEM. 27! HI 1 J±E(N1) 

£ moi aias. eiu; 4 h 7i pmos mshxi^ekmp2)£ @ a-=ai3. 

271 USE ^l2(A)7h UlOl aWHH ^ Sii *IOl5h£ AISM- 2 h 7l PMOS ebh^^(MP2)~ @ £ 
2EH0IH 2^71 NMOS MSW ^Ei (MN2)£ @ 21 2EH(HIAi @ S 2"EHS SOie^S, AiaOWE! 1 2 
71 PM0S : M.2H.X|AEiCMP2)2|» 2 k 7| NMOS M.&K\ ^E|fMN2) 2^71 g.'S 2"EHs ^AI^KM 271 ^ M2HX|^ 
E^(MP2, MN2) AhOlOil ®& *S7I ^S&QF. 

SNiHS, 271 LIME ^!2(A)7> S° 9H-HAI- BIHS ^Ol^fe A|gOfl£ 271 PMOS 

MH*l£H(KP1)a- 2-71 NMOS MfflXl ^0{MN1) 2^71= @ ^ 2EHM S3Q*fOj 2 W 7I ^ SSJAI ^E1#(MP2, 
MN2) AMDIOil as SSSlO. 

□ish upl ^a* aer(vP)]ii: sxi a : gr w\w as i^7f sseib M^atr as ^H7i: qctsqk 

EKFAT, S 2#tf BI& gfllSM ^Hl3^7| 9|# JBTaa 5^^, 3S iSiW 

nv 4 2i= ara *i=Ei» ^issfem aa. 

Hh2h g l h 2oF7l ?lti- S .BS2| ^HOII BJi&lS, P3E ^J5:Qil eSSHfl ^ 

sr a.^ h araii s>.= eei-oim iitt •ej.sfe aia ^ieei^: sma'*a6 sssf aoi-Ms 7h 
xi ^ Tai i ai hi 2 pmos Mffl^Em; ^^oi siu-sj -as s-ssi- 2-71 pse iiswi sjtH- aroiab ^1 

OI^M 7hX|£ S 3 PMOS eshXI^EI SI M 1 NMOS ^JjXI^Ei, ZfzrOI ^hU°J 3S SSfil- 27| QI3E 
Ai20| utrgsr ai.hEHI °J^H WGH'Sfe 1\\0\MW 7WI£ X1I 4 PMOS MSHXI^Et SI »| 2 NMOS MgXI^EIM 
2-71 HI I SI M 3 PMOS EgH73 ^E1#2|- 2^71 HI 1 NMOS MSM .^EfgSJ as M^l^ 2"7I 

^^j- a era- sxi a a ahSkhi siis ^R£g ^&ek 2^>i m zm m 4 pmos m^ai ^Eiini- 2 

71 HI 2 NMOS MfflXI -iEtfiSi as 271 a2T3|- SA| 3S" AhOI CHI 2J1^ ^^2S ^2 

SCI. 2-71 a- I PMOS M2HX|±E1°J n.Q\M£ 27I HI 4 PMOS MgtfXI^EI I 1 HI 2 NMOS Ma^HSI a 
S SSSa 31 kE°] HI 2 b-EEF 21EIJ3, 2^71 HI 2 PMOS MgH-XI^Eia >1I0IM£ 2-71 HI 3 PMOS 
MSiXI^Ei g a^7| SI I NMOS MSH*I±'E12| as #S#2J 31 kEgJ M 1 kE2KSgail, HEII1 
2 k 7l HI 2 kiEEJ. agf ail^ 27I EEMJIH HSD. 

(^#) 

oiEh sieoii 2i«i>i, Mflae as ^s»»w ^ si£ a a- -i^eim ^ ach. 

Oltl a ^3 Oil tLFB gAl 031,1 ii^S E9 E 2M S^^OI 2HI.^I ^SthCK 
E 2£ s g-goj y^xieh gAIOIIOil COM BIB ^Aj| fflSEQlD. 

E 2# S-ZS^S. S ^SWI CHS 2 h 7| aiS! ^=E1(I00)£ HI 1 S HI. 2 PMOS M?HX|±Ef!(MP11, MP.12) 

^ sitHEiacivii, rid, 120)1 "aatra-. 27i s!HEi(ivin& 2 k 7i ts oiEai^ psbqkdi eaisdm 

^E1 HISEI^ PIE a£(A)l S?aA|?|7| ?|?H HISSCK. 

271. HI I PMOS Man^E1(.MP11)fe SI SS(D| EAIS)S^E1 HLSEfe S3(VP)]U- SIB Eai 

a. # ^ heih hi 2 ixE (N2)ef sis mmm 271 hi 2 pmos msxi^ei(mpi2)^ 271 ^ 
s Bsr-cvp).ffl- sis Eais, ±± neis «i 1 £cE(m-i)2i- sis HoiIm srect. 

2 V 7|: SBiEI(IIO)^ HI 3 PMOS MSAI^EI (MP13)2F HI I NMOS Mgj XI ^Ei (MN1 1 )f? 5ttt!£h. 271 HI 3 
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PMOS ^£jA|^Ei(MP13)= £7| M 1 PMOS Mgj*l±E1 (tPII )2| £91 SI 1 kE(NII) AjOIOil 

#^ a £Pf cias flS(Ajoi °j*b sioiEi= »ioi^t £7i si i nmqs msxi^ekmnio 

S SCT SI 1 b:E(N11)2f S73 AtOlM S££! IS 3 £71 USE £!h(A)M SIOiEIS 

£91 S!HIE1(120)S HI 4 PMOS ^?HXI^E1(MP14)2t SI 2 NMOS e?HAI±E1# £*!*tQ. £71 H 4 PMOS 
EZHX|-±a-(MPi4)£ £9| g 2 • PMOS EaxivNH-(MPI2)2J ±±2K £71 SI 2 kE (N12) MO I CHI g£S BS 

as a 4^1 2!.HfH(-ivii-)M*Ei g^Ei= <ys(AB)Oii °i*h woiEife mms #=o. goi -a 2 hmos 

£jBtt£EKMPI2)& £71 SI 2 iE<NI2)» 2AI &ST AtOIOfl ^££1 SB a £71 tfS(AB)M 2|*1 
SlCHEIS TilOIMg gfeEh 

£71 SI 2 h:£(N2}2| 3g Efl^S SIE Eh°! EEK3IS SlSSCh 

fli^HAL £#£! HKh ITOI ^£EI^ £ SSW CUB E0»! £I^Ei(JOO)ej gSNDI g&SD. 

E 2# S2«3, £71 CI3E d2(A)^f M? EOBKteEl 0' )OHIAi §K)l -EIISKteEl T)£ SOIftFS!, « 
71 SHEW ID) LHOil SI. 3 PMOS. M5H^|^E1(MPI3)^ @ £ = E|H, SI 1 tWQS MaXi^E1(MH11)S 

@ ggEF. KJ-EfAL £71 SI 1 kS(NM)?rS$ ED1S E|Oi, £71 SI 2 PMOS M2!Xj£EKMPi2)7f @ 
as; 4^l'-2!UI'Ei(mi)S*H S§5H-£ fi.fi('AB)fe S^ EH-HOISS." S3I 2Jt«E1(120) LHOil 
Sl= 4 PMOS Mg!A|^E1(MPi4)S S £E|H, SI 2 : NMOS M?i!A|:^E1 (NNI2)S @ 2Sgft. CQrEJ-AH, 
£71 SI 2 kE(NI2)(HI~ #71 SI 2 PMOS -MSW^E1(MNI2)g Soil 32f(VP)OI »XlSCh 

□Oil CKK £7IS| 1 PM0S#fflXI±E1(MP:1.1) : £ g. £SSCh 

£71 QSE i!S(A)7h ShGI EiliOilAi S° EiliS SOIohS £71 SUIEt(IIO) LHOil SI 3 

PMOS Ma-^H(MPl3)fe-e Sfilil, SI 1 NMOS MSXI^EKMNI I @ C&EI-AL £71 si 1 ^ 

E.(N:1I)& oHH ED MM El CH £71 SI 2 PMOS SeH7vl^Ef(MP12)= @ SEBD-. HEIH £71 °]tHE1(120) 
LHOil- ^?££! SI 4 PMOS MSHA|£E1(MP14).= @ SI 2 NMOS e&H±EICMN12)£ § SSCh tt[ 

El-Ai, £71 SI 2 biE(NI2)7|- 5° E0H5 'HCM, £71 SI I PMOSMSAI^Ef (MPU)7h § HEiE 
C #71 SI 2 kE(N12)^ 2*1 CI^TKISLh 

□I2h g-QL £:7I Q3E t!S:(A)7F S° £0-H.O0A| aKJI EliaS. SOi^ h UHOil^ £71 SL 4 PMOS 
&2HXl^Ej(MPI4)-7F g gEIHS; £"71: SI 2 kE(N2)7(- S^ EilWWIAl 5F0I fll^S 30ISQ. [[fEfAf, 
£71 XII 1 PMOS ^.?y7v|:^E1 (MP11 )7|- S ^ £EHOIIA| S £EHS DISH'S AKJOI-'TOBa.' 3 1 
SK £71 SI 1 PMOS M?HAI^Ei(MP1.V)2|- £7[ SI 1 NMOS .Majxi^EI (MN11 )g #©F01 2^ SS7h S£EI 

ai sf^a. 

£^l QBE >J3:(A)7|- -§|-0I BD-ttOIIAI 5° Ell 11 S 301^ [DfOII= £"71 SI 3 PMOS 
MfflX|.^E1(MPI3)^ @" gEisg. £-7I SI 1 b:E(N1)7h S^ &lft(HIAI thOI Eil^S SOI&ILK. HEW, 
£71 SI 2 PMOS M?HA|:^E1(MPl2)5h S S £EHOilAI g £E £EHS ^WSH-fe AfZMDI KJaCh 3 § 
UK £91 SI 2 PMOS. M?HA|^Ei(MP12)2h £91 SI 2 NMOS M?HA|^:E!(MN12)M gSKM' *S?h €£EI 

Al s^a-. 

OI£01IAi, B ITSOII WE 2IS5I S £71^ S3 a E3O0 [Q-EI- EAttJaWS Ofe (HIM 

MCH 2011 S2tt-K3l S ^S?l AF«» ^OiUAl ST^ B9| LH CHI AH E^S*> B.& a 23QI 

01 £11- a «-^oil emra, g^fitl 3^ iSi ^Al^ 4= SD. Etr, ai.ffl ^IEE12J Al 

1. Q-3E flSM S&^01 2^ Ell : # Jffe EEhOIH 4!Si S^sfe Elll £|^E10fl Si 

CHAi : 

^01 mU°J 2^ s.^2j. fliQIMf 71-AI^ SI I a SI 2 PMOS MSHAI^EimSK; 

^01 n\LW S# ^^£f £71 Q3E A"s:Oil °J^H XfOIEI^ iVQlEM SI 3 PMOS MSjAI^EI a 

SI 1 NMOS E gHA|:^EiaK 

Z|ZfOI t\LW 2= #^2F £71 a : 3E ds^J HhSgj. Ai^oil °JtH SIOiEl^ 7]|0|MM 7fA|^ SI 4 PMOS 
MgjAI^Ei a SI 2 NMOS eeHxi^EiS SWtal 

£71 SI 1 a SI 3 PMOS MSHAIAEIMjIF £"5l SI I NMOS MgjAI^&^l 2^ M^m~ £^l a-SBU 
SAI AI-0KHI ^£f *j£E|.Il, 

£^l SI 2 a SI 4 : PMOS MaA|^E1#2f £-71 SI 2 NMOS MSHAI^EI^ ga §s|£ a^j ^.oj- 
§A| agf AUDI WI. 5|«S SS»«fiS.»aailJ 

£71 SI 1 PMOS M2HA|>:E12| »|0|Mb £71 SI 4 PMOS M?HA|^E1 a SI 2 NMOS. MS A|^E|2J 1M 
soj g g l^coj fl | 2 iE2h S1EH2/ £71 SI 2 PMOS Eajx|-iEt2| SI 3 PMOS MSB : A| 

^Ei a £-71 SI I NMOS MfflX|^:E+2| #Sg2J 3^ hcE°" SI 1 hiESF HElH £7i SI 

2 ^E2) a-sr-aitts 4 K 7i eboi^ d-sta s^ei= ^a^s mfe aia *i.=ei. 
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